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The percentage of total nitrogen in the dry matter was greater in the cauda than in the caput spermatozoa, but the nitrogen content/109 cells was less in the cauda spermatozoa. The amount of DNA for the same number of cells remained constant during this stage of maturation. The decrease in the nitrogen content indicated a loss of protein during maturation of bovine spermatozoa in the epididymis. Amino acid analysis of the dry matter of the sperm cells showed an increase in the percentage of arginine and cystine and a decrease in the percentage of glutamic and aspartic acids, alanine, methionine, isoleucine and leucine during passage of spermatozoa through the epididymis. Lipoprotein content decreased during the maturation of the sperm cells, and a slight increase occurred in several of the other proteins. Amino acid analysis of the extracted proteins showed differences in the percentage of several amino acids between caput and cauda spermatozoa in the F1 and F2 fractions. Gel disc electrophoresis of the various caput and cauda sperm proteins indicated a different number of bands and a different colour intensity for those fractions in which a different amino acid composition was found.
The results suggest that the lipoproteins of the cell membrane may be the site of alterations in the quantity, composition and electrophoretic behaviour of the proteins of bovine spermatozoa during their maturation.
INTRODUCTION
Several publications report on the protein content and amino acid composition of the spermatozoa of different species; details are given by Mann (1964) and in the studies of Bril-Petersen & Westenbrinik (1963) , Hunter & Hafs (1964) , Henricks & Mayer (1965a, b) , Gledhill, Gledhill, Rigler & Ringertz (1966) and Ingles, Trevithick, Smith & Dixon (1966) . A few of them are concerned with the changes associated with the alteration in the basic proteins of the nucleus from second spermatocyte or round spermatid to the spermatozoon (Alfert, 1956; Vendrely, Knobloch & Vendrely, 1957; Gledhill et al., 1966; Ingles et al., 1966) . Two reports deal with the changes in the proteins during sperm passage through the epididymis. Berry & Mayer (1960) reported an increase in the percentage of the basic amino acids and a decrease in that of the acidic acids of the basic proteins. Gledhill et al. (1966) assumed that there is only a small increase in the percentage of basic amino acids in the basic proteins of the nucleus following the sperm passage through the genital tract.
Several methods of sperm protein extraction are reported in the literature. Those adopted for fish spermatozoa generally use water or salt solutions and are described by Felix (1960) , while, for mammalian spermatozoa, a stronger treatment is needed for the disruption of the cell membrane. Hence, the use of glass beads, enzymes or reducing agents was adopted (Green, 1940; Zittle & O'Dell, 1941; Berry & Mayer, 1959; Bhargava, Bishop & Work, 1959a; BrilPetersen & Westenbrinik, 1963; Hunter & Hafs, 1964; Henricks & Mayer, 1965a, b) . As most of the studies have dealt with the basic proteins, it was necessary to find appropriate treatments which would facilitate the extraction of both the lipoproteins and the basic proteins in sequence.
The purpose of the present investigation was to determine the amount and composition of total proteins in the dry matter, to extract various proteins by chemical methods, to determine their quantity and composition, and to charac¬ terize them by gel disc electrophoresis, in order to compare the findings for spermatozoa derived from the caput and cauda epididymidis. This study included the following determinations : (a) total nitrogen, (b) desoxyribonucleic acid (DNA), (e) amino acid composition of the dry matter, (d) extraction of proteins from the dry matter, (e) the protein content in each fraction, (f) amino acid composition of the extracted proteins, and (g) gel disc electrophoresis of these proteins.
METHODS

Sperm collection
Spermatozoa from the caput and cauda epididymidis were obtained from seven 14-to 16-month-old bulls immediately after slaughter (Grogan, Mayer & Sikes, 1966) . The cells were separated from fluids and remnants of tissue as described by Lavon, Volcani & Danon (1968) . The cells were resuspended in a known volume of 0-9% NaCl solution in order to facilitate the estimation of their number.
Sperm counting
The number of spermatozoa in a given collection was counted in duplicate samples using an EEL colorimeter and a haemocytometer (four counts on each sample). Summerhill & Olds (1961) and was determined by its phosphorous content (9-89%) accord¬ ing to the method of Fiske & Subbarow (1925) (1959) , Henricks & Mayer (1965b) and Summerhill & Olds (1961) .
The treatment with mercaptoethanol was incorporated as proposed by Green (1940) and by Henricks & Mayer (1965b) in order to disrupt the S-S linkages of the cell membrane, and in order to facilitate the extraction of the keratin-like basic proteins by 0-1 N-HCI solution. The extractable material in each fraction was calculated by subtraction of the residual material remaining after treatment, from that present before treatment.
Determination of total protein in the extracts
The protein content in each fraction obtained by using the above-mentioned sequence was determined according to Lowry, Rosebrough, Farr & Randall (1951) using a standard of bovine serum albumin as reference.
Electrophoresis
Gel disc electrophoresis was performed at both acidic and basic pH by the methods of Reisfeld, Lewis & Williams (1962) and Davis (1964) , respectively. The quantity of protein in each gel was about 200 to 300 µg. The length of the acrylamide gels and the time of electrophoresis were changed according to the extract that was separated and to the pH used for the run. A modification was also adopted in which the staining of the gels with Coomassie Brilliant Blue (ICI R250) was carried out with diluted dye solution (0-01%) in TCA 12-5% trichloroacetic acid (TCA) for 18 hr. The removal of the surplus dye was achieved by repeated washings with 12-5% TCA.
Statistical analysis
The results for each of the parameters were analysed according to Snedecor (1948) by a two-way analysis of variance (different locations in the epididymis and different bulls). The standard error (S.E.) of the means for the caput and the cauda and the least significant difference (L.S.D.) at the 5% level were given when significant differences were found.
RESULTS
Total nitrogen
Seven determinations showed an increase in the % total nitrogen in the dry matter (10 mg) from 11-08+0-11 in the caput to 12-30 + 0-11 It can be seen that following the separation of the proteins of Fractions F1} F2 and F4 by gel disc electrophoresis, differences in the number of bands between sperm cells from the caput and cauda were found. Furthermore, the proportion of the individual bands in the total proteins of the fraction was altered during the maturation process. This phenomenon was very marked when 0-01 N-NaOH-extracted proteins were separated at pH about twenty bands were identified and some of them stained to different intensity in the fractions from the caput and the cauda. At pH 4-5, however, smaller differences were observed between caput and cauda cell extracts. In the 0-1 N-HCI extract (F2), typical differences between the caput and the cauda sperm cells were found at pH 4-5, whereas in the F3 fraction no differences were observed. In the 3% NaOH extract (F4), Text- fig. 4 . Electrophoretic separation at pH 4-5 of the proteins in the F4 fraction extracted by 3% NaOH from spermatozoa of the caput and cauda epididymidis.
DISCUSSION
The results of the present study confirm that the decrease in the dry matter content of spermatozoa, which occurs during maturation (Lavon, Volcani & Danon, 1970) (Scott, Dawson & Rowlands, 1963; Dawson & Scott, 1964; Grogan et al., 1966; Pickett, Komarek, Gebauer, Benson & Gibson, 1967; Quinn & White, 1967; Scott & Dawson, 1968; Lavon et al., 1970) and was assumed to be the result of their utilization as a source of energy in the absence of carbohydrates (Quinn & White, 1967; Scott et al., 1967) . It seems likely that a parallel degradation occurs in the related proteins during the maturation process.
The increase in the colour intensity of some bands and the appearance of new ones can be explained by two postulates: (a) the bands which seem to increase in proportion remain, in fact, constant in quantity, whereas the others decrease. This assumption does not explain the appearance of new bands during maturation. It is, however, possible that the new bands were present in very small amounts and therefore could not be detected and identified in the caput, but later increased in proportion and appeared in the cauda sperm cells. It is also possible that they appeared as a result of protein degradation, (b) The synthesis of proteins continues during cell maturation. There is some evidence in the literature on the possibility of RNA and protein synthesis by ejaculated spermatozoa (Bhargava, 1957; Bhargava, Bishop & Work, 1959b; Iype, Abraham & Bhargava, 1963) . However, this synthesis was attributed by other investigators to bacteria contaminating the ejaculated cells and not to the spermatozoa themselves (Martin & Brächet, 1959; Setchell, Hinks, Voglmayr & Scott, 1967 ). The present study does not exclude the possibility of protein synthesis occurring during the passage of spermatozoa through the epididymis while they still possess cytoplasmic droplets.
From the results of this study, it can be concluded that the major changes in quantity, composition and electrophoretic behaviour of the sperm proteins are demonstrated in the best way in the F! (0-01 N-NaOH-extracted) fraction. The site of alterations is, therefore, most probably located in the lipoprotein com¬ plexes, e.g. in the cell membrane. In addition, minor changes appear to occur in the nucleoproteins.
